Studies of congenital cardiac abnormalities and vascular malformations, as well as their breed predispositions in domestic animals, have significantly increased recently. The purpose of this case report is to present to vets the Eisenmenger syndrome in combination with a vascular malformation in a Pomeranian, which is extremely interesting for the teratology of the dog. Radiography was performed and therapy was assigned, but a quick fatal outcome followed. Then the patient underwent a pathological anatomy examination with precise macro-dissection. We hope that thorough this message we will draw attention to different severe congenital heart abnormalities in toy breeds and their early diagnosis.
Background
Heart malformations are more common in dogs and cattle than in horses and cats (1) . Clinically they are classified as cyanotic and acyanotic depending on whether they are associated with cyanosis in postnatal life, which is presented with purplish to bluish tissue with a dense surface capillary network, seen most easily in examination of the oral mucosa, gums (1), or vulval and prepucial mucous membranes (1) . Eisenmenger syndrome is a severe cardiac anomaly similar to the Tetralogy of Fallot and is characterized by elevated pulmonary vascular resistance and left-to-right shunting of blood from the systemic to the pulmonary circulation associated with patent ductus arteriosus, ventricular septal (1, 2) , atrial septal, and DOI: 10.18044/Medinform.201632.472 I S S U E 2 , 2 0 1 6 aortic-pulmonary septal defect (1) . This additional source of blood causes dilation and hypertrophy of the right ventricle. The significant left-right shunt increases the blood flow in the pulmonary blood vessels where increased pressure often leads to pulmonary vascular obstructive disease, leading to increase in pulmonary vascular resistance (1, 2, 3, 4, 5, 6) . The left to right shunting cardiac defect are described as changes from ventral septal defect and patent ductus arteriosus, causes pulmonary overperfusion, leading to pulmonary hypertension and eventually reversed shunting (right to left) as the right heart pressures increase and become equal to or greater than systemic arterial pressures (4). Due to this blood path the systemic resistance is exceeded, the shunt is reversed and cyanosis appears. Right ventricular hypertrophy appears because it must overcome the high pulmonary vascular resistance (1, 2, 3, 4, 5, 6) . Transposition of great vessels or reversal of systemic, pulmonary outflow and inflow are rarely found in animals (1) . Normally pulmonary and systematic circulation are separated and closed off, which is required for postnatal survival. For the fetus to survive such anomalies must be combined with atrial and ventricular septal defects associated with passable ductus arteriosus, but even with such anatomical compensations the quality of blood in the body remains quite unacceptable (1).
Case description
A 4-month-old female dog, Pomeranian breed (Toy spitz). The owners observed a weak growth, weakness and easy fatigue, seizures (syncope) and shortened breathing. The clinical examination established dyspnea, cyanosis developments on a mild exertion in the oral mucosa and gums, as well as an unusual cardiac murmur. In the blood test erythrocytosis was observed, while radiography in lateral projection revealed cardiomegaly that was more prominent in the right part of the heart and apparent main pulmonary arteries segment (Fig.1) . Despite the therapy assigned and а temporary, insignificant improvement of the condition of the dog, а lethal outcome was observed. Due to the interesting symptoms after the lethal outcome this animal was admitted at the University Clinic of the Faculty of Veterinary Medicine, University of Forestry, Sofia, for an expert autopsy. А precise pathological anatomy dissection was performed, which identified several cardiac malformations.
During the autopsy of the abdominal organs changes were not observed. The enlarged heart from the radiographic finding was confirmed after opening of the thoracic cavity (Fig. 2a) . Transposition of pulmonary veins, evacuating the blood from the right lung ( Fig. 2a) , as well as their abnormal ending in the right atrium was observed (Fig. 2b) . On the left a passable or persistent ductus arteriosus (ductus Botali) was observed ( Fig. 3) , linking the pulmonary trunk to the aortic arch, representing a congenital vascular malformation. After removal and resection of the heart a persistent foramen ovale or atrial septal defect, linking both atria, was observed (Fig. 4) , as well as a pronounced defect of the interventricular septum, shaped like a channel (Fig. 5) . Together with these malformations hypertrophy of the right ventricle wall was confirmed (Fig. 6a) , characteristic of the Eisenmenger syndrome and the Tetralogy of Fallot.
Additionally, hypertrophy of the left ventricle wall was observed (Fig. 6b) , where such finding is not specific for this syndrome. 
Discussion
With such severe cardiac abnormalities with prominent clinical signs animals live in most cases less than a year. Cases of survivors up to 3 years have been described, but dogs with such conditions have I S S U E 2 , 2 0 1 6 characteristically higher mortality at a young age (3, 5) . With the severe heart malformations, presenting with cyanosis and various defects, the finding observed resembles the most the Eisenmenger syndrome in dogs, where patent ductus arteriosus, atrial septal and interventricular defect, hypertrophy of the right ventricle (1, 2) and aortic-pulmonary defect (1), (which was the only one not observed in this dog) are characteristic. During necropsy, the proximal main pulmonary artery is dilated in dogs. The small pulmonary vasculature is abnormal. Dilation of the large elastic pulmonary arteries is present (2). The smaller elastic arteries are with hypertrophied walls and large lumina. Into muscular arteries are marked increase in connective tissue and fibroblasts, focal subintimal proliferations which often obliterats the vessel lumen, just like medial muscular hypertrophy with severe disruption of the internal and external elastic laminae, and plexiform lesions (2). Eisenmenger's syndrome has been reported in a 9-month-old Border Collie (7) and in a 2-year-old Shiba Inu dog (8) . This syndrome is similar to the Tetralogy of Fallot in dogs, where interventricular defect and hypertrophy of the right ventricle are also observed, presenting as cyanotic heart malformation, but differs with overriding aorta and pulmonary opening stenosis (1, 3, 5, 9) . Some breeds are predisposed to the Tetralogy of Fallot, like the English Bulldog, Keeshond, Miniature Poodle, Miniature Schnauzer and Wirehaired Fox Terrier, as well as cats, calves and foals (1, 5, 9, 10) .
When these four malformations are combined with atrial septal defect this is another more severe abnormality, called Pentalogy of Fallot, which is described in calves (11) .
From a differential diagnostic point of view this case must be distinguished from acyanotic cardiac malformations, such as atrial and ventricular septal defect. They can be independently developed, as well as in combination with other abnormalities. The large ventricular septal defect is part of the Eisenmenger syndrome, where a reverse shunt is present and pulmonary vascular disease and pulmonary hypertension develop (1) . This anomaly as confirmed by other authors, manifests in the early stages of life and rarely in small dog breeds (3, 5) . According to the localization other authors classify ventricular defects in four types -membranous, outlet infundibular, inlet channel and muscular-trabecular (1). In this Pomeranian case the malformation is determined as inlet channel. Independent interventricular anomalies are observed in the breeds English Bulldog, Keeshond, English Springer Spaniel, Beagle, Chow Chow, Newfoundland, Samoyed and all domestic animals with acyanotic presentation (1, 5, 9, 10) . If the defect is small (restrictive ventricular septal defect), it is manifested with little or no functional disturbances due to the minimally increased pulmonary blood flow, as described in many cases in cattle (1) . In cases of aggravated defect, as seen with this Pomeranian, right ventricular dilation is presented with subsequent hypertrophy. Very often ventricular septal defects are accompanied by other heart malformations, and then cyanotic signs occur secondarily (1).
Atrial septal defects alone are described in Boxer, Samoyed, Old English Sheepdog, Doberman Pinscher, and cats (1, 5, 9, 10) . They are also present in 20% of pigs and calves but without any functional changes (12) . This defect occurs when the septum secundum overlays one or several openings of septum primum, which leads to overwork and overload of the right side of the heart, and then leads to dilatation and hypertrophy (1) . In failure to close foramen ovale, however, hypertrophy of the left ventricle is possible (1), which also explains our finding in this case. This atrial defect is very often combined with other cardiac malformations.
In an independent patent ductus arteriosus the symptoms are extremely variable (1), but again overloaded pulmonary blood flow and circulation are observed, where again dilatation and hypertrophy of the left atrium and ventricle are observed, which further confirms and explains the described by us. Such pathology has been reported in the Miniature Poodle, German Shepherd, Collie, Shetland Sheepdog, Pomeranian, Cocker Spaniel, English Springer Spaniel, Maltese, Yorkshire Terriers and other toy breeds and cats (1, 5, 9, 10, 13) .
Transposition of the systemic and pulmonary outlet and inlet vessels is significantly rare in animals. Its presence usually leads to very quick death shortly after birth. This malformation is usually combined with atrial and ventricular septal defect associated with passable ductus arteriosus (1) . Compensatory mechanisms of all these heart abnormalities explain the survival of the observed dog until the fourth month, as well as the initial improvement from the therapy assigned in our clinical case.
From everything described above it is most important to mention that the differential diagnosis of the described case is close in terms of clinical presentation and radiological findings to the tetralogy of Fallot, but in order to differentiate it we would recommend using imaging diagnostic methods such as echocardiography, Doppler ultrasound, and angiocardiography for identification and specification of existing cardiac malformations (1, 4, 5, 9) . Split second heart sound (S2) caused by pulmonary hypertension and delayed pulmonary valve closure helps differentiate the described condition from Tetralogy of Fallot where split S2 is generally absent (4).
Treatment with sildenafil citrate may help alleviate secondary pulmonary hypertension of the dog (14) and cat (15) . Surgical closure of a right-to-left shunting ventricular septal defect is generally contraindicated. Phlebotomy to relieve severe polycythemia administration may be tried to improve clinical signs (2).
Conclusion
Finally, through this case of a rare combination of heart and vascular anomalies in a dog from the Pomeranian breed we hope to draw the attention of practitioner veterinarians to more careful research in heart malformations in order to determine the distribution, breed predisposition, diagnostics and eventual surgical treatment of the Eisenmenger syndrome in the dog.
